We studied the haemodynamic effects of clonidine (2 flg/kg/iv) in 7 tetraplegics and 7 normal subjects. Measurements of blood pressure, stroke volume, cardiac output and digital (finger) skin blood flow were made before and after clonidine for 60 minutes. Blood pressure, stroke volume and cardiac output did not fall in tetra plegics, unlike normals. Resting digital skin blood flow was higher in tetraplegics and fell after clonidine. In normal subjects however, an increase in digital skin blood flow occurred after clonidine. The pressor and digital vasoconstrictor responses to bladder stimulation were attenuated after clonidine. The inability of clonidine to induce a fall in blood pressure, stroke volume, cardiac output and cause peripheral vasodilatation in tetraplegics is consistent with its central sympatholytic effects. Attenuation of the responses to bladder stimulation suggest an effect on spinal sympathetic neurones.
In tetraplegics, stimuli from viscera, muscle and skin induce peripheral vaso constriction and increase blood pressure due to activation of spinal sympathetic reflexes (Mathias and Frankel, 1983) . The alpha-2 adrenoceptor agonist cloni dine reduces the cardiovascular manifestations of autonomic dysreflexia and has also been used in alleviating muscle spasticity (Mathias et al., 1979; Maynard, 1986) . The major action of clonidine in reducing blood pressure is in the brainstem, resulting in suppression of sympathetic outflow (Kobinger and Walland, 1967) although actions on sympathetic neurones in the spinal cord or on peripheral presynaptic alpha-2 adrenoceptors cannot be excluded (Starke and Altmann, 1973) . In addition, clonidine can cause an initial transient peri pheral vasoconstriction by stimulating postsynaptic alpha adrenoceptors. To investigate further the specific haemodynamic effects of clonidine in tetraplegics, we have studied the changes in blood pressure, heart rate, stroke volume, cardiac output and digital skin blood flow in response to clonidine and its effects on the cardiovascular disturbances after bladder stimulation. 
Subjects and methods
We investigated 7 tetraplegics (aged 18-37 years) with chronic and physio logically complete cervical spinal cord transection (levels C3-C7) and 7 normal subjects (aged 27-54 years) as controls. All were investigated while supine and off medication. Non-invasive measurements of blood pressure and heart rate were made using an automated sphygmomanometer (Sentron). Stroke distance (a measure of stroke volume) and cardiac index (stroke distance x heart rate, a measure of cardiac output) were calculated from measurements of peak velocity of ascending aortic blood flow, measured by continuous wave doppler ultra sound (Exerdop, Quinton Instrument Co.), stroke distance being the integral of the peak velocity profile. Digital (index finger) skin blood flow was recorded continuously using laser doppler flowmetry (Periflux PF2B). This instrument detects the doppler shift, and produces a voltage signal directly proportional to the quantity of blood flow in the microvasculature of the superficial skin (Nisson et al., 1980) . Vascular resistance was calculated by dividing mean blood pressure with digital skin flow.
Digital skin temperature was measured with thermistors (Panlab). Clonidine (2 J.lg/kg) was administered over 10 minutes intravenously with an infusion pump. Bladder percussion was performed, before and after Clonidine, by firmly tapping the anterior abdominal wall close to the pubic crest for 3 minutes.
Results
After clonidine, both systolic and diastolic blood pressure fell in normal subjects (126 ± 4/74 ± 3 mmHg (mean 91 ± 4) to 104 ± 3/59 ± 3 mmHg (75 ± 2), P < 0·01). Resting blood pressure was lower in tetraplegics (109 ± 5/65 ± 4 mmHg (mean 80 ± 4), p < 0·05) and did not fall significantly after clonidine, (105 ± 5/58 ± 2 (mean 75 ± 3), NS). The fall in heart rate was smaller in normals (69 ± 3 to 65 ± 5 beats/min, NS) as compared to tetraplegics (68 ± 5 to 61 ± 4 beats/min, NS). In normals, mean stroke volume fell (9·6 ± 1·0 to 8·8 ± 1·2 em, NS), along with cardiac output (670 ± 80 to 571 ± 93 em/min, NS). In tetrapelgics, neither stroke distance (9·2 ± 0·6 to 10·4 ± 1·1 em, NS) nor cardiac index fell (635 ± 54 to 659 ± 82 em/min, NS). A biphasic response in digital skin blood flow occurred in normals after clonidine. After a small and transient fall, skin flow increased (0·66 ± 0·2 to 1·46 ± 0·2 Volts, P < 0·05) with an increase in skin temperature (27·1 ± 0·4 to 31·6 ± 1·5 ec, p < 0·05), and vascular resistance fell (381 ± 129 to 57 ± 6 mmHg/Volts (-68 ± 9%), p < 0·02). In tetraplegics, the resting blood flow was higher and fell after cloni dine (1·9 ± 0·2 to 1·4 ± 0·2 volts, P < 0·05) (Fig.) , with an increase in vascular resistance (42 ± 7 to 200 ± 81 after 5 minutes, and 57 ± 6 mmHg/Volts after 30; both p < 0·05). Resting digital skin temperature was higher in tetraplegics compared to normals and fell after clonidine (34·6 ± 0·3 to 33·3 ± 1·3 DC, NS).
In tetraplegics, mean blood pressure increased after bladder stimulation, (84 ± 3 to 95 ± 4 mmHg, p < 0·05) accompanied by a fall in digital skin blood flow (1·8 ± 0·2 to 0·6 ± 0·2 volts P < 0·01) and increase in vascular resistance (50 ± 6 to 484 ± 156 mmHg/Volts, p < 0·05). After clonidine resting mean blood pressure was lower and increased in response to bladder stimulation (77 ± 4 to 85 ± 3 mmHg p < 0·05), digital skin flow fell (1·4 ± 0·2 to 0·7 ± 0·2 Volts, P < 0'01) and vascular resistance increased (54 ± 5 to 315 ± 126 mmHg!Volts, p < 0'05). The statistical methods used were analysis of variance " and t tests.
Discussion
Experimental evidence indicates that clonidine lowers blood pressure by a reduction in sympathetic activity consequent upon the stimulation of central alpha-2 adrenergic receptors (Kobinger and Walland, 1967) . After clonidine, we observed a fall in blood pressure in normals, but not in tetraplegics. This confirms previous findings in tetraplegics (Reid et al., 1977; Mathias et al., 1979) , indicating that the hypotensive action of clonidine at rest is exerted above the level of the sypathetic outflow, probably in the brainstem. The fall in heart rate in tetraplegics was greater than in normals. Whether this indicates a greater degree of vagal influence in such patients is unclear. The lack of fall in stroke volume and cardiac output after clonidine in tetraplegics presumably indicates that intact sympathetic pathways are necessary for this effect.
The blood flow to the hand is normally regulated by vasoconstrictor sympa thetic nerves (Pickering, 1931) . In this study the functional activity of these sympathetic vasomotor nerves was assessed by measurements of digital skin blood flow. In normal subjects clonidine caused a rise in digital skin blood flow and skin temperature with a fall in vascular resistance. In tetraplegics resting blood flow was higher, probably due to the lack of resting vasoconstrictor tone. After clonidine vasodilation did not occur; there was instead a fall in digital skin blood flow and a rise in vascular resistance. Vasoconstriction occurred in the first 5 minutes and slowly decreased, but did not fall to the previous resting level. In normal subjects this was minimal and transient. The vasoconstrictor response, which was the result of the peripheral postsynaptic alpha adrenoceptor agonist effects of clonidine, was greater in the tetraplegics; this could have resulted from a number of mechanisms which include adrenoceptor super sensitivity (Mathias et ai., 1976) .
In tetraplegics, bladder stimulation caused a rise in blood pressure and vaso constriction in digital skin vessels due to increased reflex spinal sympathetic activity (Guttmann and Whitteridge, 1951; Corbett et ai., 1971) . The pressor and vasoconstrictor responses were smaller after clonidine suggesting inhibitory actions on spinal sympathetic preganglionic neurones. In tetraplegics the pres ervation, although attenuated, of the digital vasoconstrictor response after clonidine makes a peripheral presynaptic alpha adrenergic effect less likely.
Our study therefore presents further confirmation of the central sympatholytic action of clonidine in man. This includes its effects in decreasing blood pressure, causing vasodilatation in digital blood vessels and reducing stroke volume and cardiac output, which occur in normal but not tetraplegic man.
